A 29-year-old man presented to a clinic with a low sperm count in the setting of morbid obesity. The patient and his healthy 32-year-old wife had been unable to conceive after more than 1 year of unprotected intercourse. The patient had been seen by an outside physician and had been diagnosed as having hypogonadism with a low sperm concentration of 2 million/ml (normal concentration ≥20 million/ml). At that time he was started on testosterone therapy, testosterone enantate 200 mg intramuscularly every 2 weeks, for hypogonadism. While the patient was on testosterone therapy, a repeat sperm collection showed a complete absence of sperm (indicating a sperm concentration <2 million/ml). He then presented for a second opinion and further treatment of male infertility. At the time of evaluation at the clinic the patient had ceased testosterone therapy for 2 months.
A 29-year-old man presented to a clinic with a low sperm count in the setting of morbid obesity. The patient and his healthy 32-year-old wife had been unable to conceive after more than 1 year of unprotected intercourse. The patient had been seen by an outside physician and had been diagnosed as having hypogonadism with a low sperm concentration of 2 million/ml (normal concentration ≥20 million/ml). At that time he was started on testosterone therapy, testosterone enantate 200 mg intramuscularly every 2 weeks, for hypogonadism. While the patient was on testosterone therapy, a repeat sperm collection showed a complete absence of sperm (indicating a sperm concentration <2 million/ml). He then presented for a second opinion and further treatment of male infertility. At the time of evaluation at the clinic the patient had ceased testosterone therapy for 2 months.
The patient had gone through normal puberty co-incident with his peers and had never, to his knowledge, fathered a pregnancy. He had no history of testicular trauma, torsion, or infections. The patient denied alcohol, tobacco, marijuana or other illegal drug use, and was taking no prescription medications at the time of referral. He had no history of recent systemic illnesses or considerable weight change. The patient reported being overweight his entire life and denied any episodes of rapid weight gain or loss.
On physical examination, the patient had normal vital signs with a weight of 154 kg, a height of 168 cm, and a BMI of 54.5 kg/m 2 . Notable findings on examination were the presence of stage IV gynecomastia and morbid central obesity as well as subnormal testicular volumes of 12 cm 3 on the right and 8 cm 3 on the left. Testicular examination showed no varicocele or hydrocele, and the patient's vas deferens was palpable bilaterally. He had normal male-pattern hair distribution.
Initial laboratory results (Table 1) , obtained when the patient presented to the clinic, confirmed Background A 29-year-old man presented to a clinic with infertility and hypogonadism in the setting of morbid obesity. On presentation, he had notable gynecomastia and a low testicular volume. The patient's weight was 154 kg and his height was 168 cm (BMI 54.5 kg/m 2 ). Before referral to the clinic, the patient had been treated with testosterone therapy for 4 months for hypogonadism. This treatment had caused his initially low sperm concentration to fall to undetectable levels. , and normal levels of sex hormone-binding globulin (34.8 nmol/l; normal range 13.0-71.0 nmol/l). Luteinizing hormone (LH) levels were suppressed at <1 IU/l (normal range 1-14 IU/l) and follicle-stimulating hormone (FSH) levels were low at 2 IU/l (normal range 1-14 IU/l). Serum estradiol was within the normal range (73-275 pmol/l [20-75 pg/ml]) with a level of 172 pmol/l (47 pg/ml).
The patient's blood counts and serum chemistry profile, including glucose levels and liver function tests, were within normal limits. In addition, an MRI of the patient's brain was normal and, with the exception of his gonadotropin levels, his pituitary function was also normal (Table 1) .
Obesity was felt to be the possible cause of secondary hypogonadism and associated infertility in the patient. He was, therefore, started on treatment with the aromatase inhibitor anastrozole. Aromatase, which converts testosterone to estradiol, is highly expressed in peripheral fat tissue 1 and increased aromatase activity is thought to result in increased estradiol production, which inhibits secretion of LH and FSH from the pituitary. Reduced levels of LH and FSH lead to a reduction in testosterone synthesis and sperm production, and to infertility (Figure 1 ). When fertility is desired in men with hypogonadism, treatment with testosterone is not appropriate because exogenous testosterone further inhibits gonadotropin secretion and impairs spermatogenesis in men. To counteract the physiologic effects of elevated estradiol in the described patient, treatment with anastrozole was initiated. 2 This treatment normalized his serum testosterone levels and spermatogenesis (Table 1) , and after 6 months of therapy his wife became pregnant. At the time of writing, the couple is eagerly awaiting the birth of their first child. Now that the couple has achieved a pregnancy, the therapeutic plan is to discontinue anastrozole as there are limited long-term safety data on the use of this agent in men. The drug could be restarted if another pregnancy is desired in the future. After the cessation of anastrozole therapy a repeat semen analysis is planned in order to verify the treatment effect.
DISCUSSION OF DIAGNOSIS
There are numerous causes of male infertility, which accounts for roughly one-third of all infertility among couples (Box 1). In patients who have undergone normal puberty, the differential diagnosis of infertility is extremely broad. Some cases are thought to be due to inherited genetic defects. 3 Only recently has obesity been recognized as a significant contributor to male infertility. 4 Current estimates suggest that over 30% of the male population in the US are considered to be obese (defined as a BMI >30 kg/m 2 )-a cA S e S t U DY number that continues to rise. Obesity could thus contribute substantially to the rates of hypogonadism and, potentially, to the rates of infertility. 5 Several studies show a direct correlation between a rise in BMI and a decline in both free and total blood testosterone levels. 1, 4, 6 Further studies have correlated this decline in testosterone levels with a rise in infertility rates, 7 and others have found a relationship between increased BMI and decreased sperm concentrations, sperm motility, and fertility rates. 8, 9 In general, secondary hypogonadism is an uncommon, but usually treatable, cause of male infertility. 3 In these patients, low serum testosterone levels result from loss of gonadotropin stimulation to Leydig and Sertoli cells within the testes, which leads to low testosterone production and decreased spermatogenesis, respectively ( Figure 1 ). Aromatase is expressed in the intercellular septa of fat tissue and converts testosterone to 17β-estradiol. 10 Obesity is one of the causes of secondary hypogonadism (Box 1). In obese men, increased adipose tissue results in increased aromatase activity and a relative elevation in estradiol levels, which inhibits gonadotropin secretion from the pituitary. 10 Several studies have shown that men with an increased BMI have a linear rise in serum 17β-estradiol. 4, 10 Interestingly, estradiol levels in obese men do not frequently surpass the normal range, so some investigators have suggested that the ratio of testosterone to estradiol is more clinically useful in diagnosing estrogen excess in men than the absolute estradiol level alone. 10, 11 In addition, assessment of estradiol levels in men can be particularly challenging since most clinical assays are optimized to measure levels in the normal female range and are not well validated for measurement of male estradiol levels. 12 Clearly, clinical symptoms such as gynecomastia as well as laboratory data should be considered in the evaluation of hypogonadotropic hypogonadism.
TREATMENT AND MANAGEMENT
Treatment of male infertility associated with hypogonadism differs considerably from the treatment of hypogonadism when fertility is not desired. If fertility is not desired, exogenous testosterone administration to hypogonadal men is the most simple and well-studied method for raising serum testosterone levels.
Testosterone therapy often improves sexual function, libido, well-being, bone density, and body composition, 13 although the long-term effects of the therapy on cardiovascular health and on the risk of prostate disease have not yet been determined. 14 Despite its benefits, exogenous testosterone is counterproductive if fertility is desired since it provides negative feedback to the pituitary, thereby decreasing LH and FSH stimulation to the testes and thus further inhibiting spermatogenesis (Figure 1) .
Treatment of male infertility due to hypogonadotrophic hypogonadism focuses upon direct testicular stimulation to increase Leydigcell production of testosterone, and Sertoli-cell support of spermatogenesis. Standard therapies include human chorionic gonadotropin, which acts as an LH analog within the testes, either alone or in combination with human menopausal gonadotropin or recombinant FSH. Alternatively, ncpendmet_2007_276f1.eps Figure 1 The hypothalamic-pituitary-gonadal axis in men and the impact of testosterone therapy and estradiol on spermatogenesis. In obese patients, increased aromatase activity is thought to result in increased estradiol production. The increased estradiol level inhibits FSH and LH secretion from the pituitary, which results in reduced FSH and LH stimulation of the Sertoli and Leydig cells in the testes and a reduction in testosterone synthesis and sperm production. Administration of exogenous testosterone effectively raises serum testosterone levels. If fertility is desired administration of testosterone is, however, counterproductive because it provides negative feedback to the pituitary and causes inhibition of LH and FSH secretion. Decreased LH and FSH stimulation of the testes further inhibits spermatogenesis. Abbreviations: DHT, dihydrotestosterone; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; LH, luteinizing hormone.
some men with hypothalamic hypogonadism are treated with gonadotropin-releasing hormone administered via a pump, although no data have shown that this more complex and expensive treatment improves efficacy. Although not all men with hypogonadism respond to hormonal treatment for infertility, men who previously had normal spermatogenesis are most likely to respond. 14 The use of aromatase inhibitors in the treatment of male infertility is a novel approach that has not been widely used or studied. The results of an uncontrolled study of 140 heterogeneous, infertile men by Raman and Schlegel suggested a role for aromatase inhibitors in the treatment of infertility. Not all the men had infertility caused by hypogonadotrophic hypogonadism secondary to obesity, but interestingly all the men responded to treatment with aromatase inhibitors with improved sperm analyses, increased serum testosterone levels and decreased serum estradiol levels. 2 Three aromatase inhibitors-anastrozole, letrozole, and testolactone-have been studied for the treatment of hyperestrogenic hypogonadotrophic hypogonadism. 15 Although all three have been shown to be effective in increasing serum testosterone levels and decreasing estradiol levels, letrozole has not been evaluated in the treatment of male infertility and the appropriate dose for treatment of men with hypogonadism is less well characterized. 16 Testolactone, while equally effective compared with anastrozole in improving semen parameters, is a steroidal aromatase inhibitor that requires dosing four times daily and has been shown to have other hormonal effects, including a theoretical risk of adrenal steroid inhibition. 2 Anastrozole was chosen for the treatment of the case patient as it is easy to dose, has few adverse effects, and because effectiveness at improving sperm parameters has been demonstrated.
In addition to the therapeutic strategies discussed above, it is important to note that weight loss via lifestyle changes, medical therapy, or bariatric surgery should also be a primary goal of treatment for men with obesity.
CONCLUSIONS
This case illustrates the challenges in diagnosing and treating infertility in the setting of obesity. Given the unique physiologic connections between adiposity, increased conversion of testosterone to estradiol, and the effect this increase has on suppressing gonadotropin release and spermatogenesis, treatment of infertility in this population differs from that of most men with infertility. The off-label use of aromatase inhibitors to decrease peripheral conversion of testosterone to estradiol provides a unique method of manipulating the normal regulatory mechanisms of the hypothalamic-pituitary-gonadal axis to promote endogenous normalization of testosterone levels and to enhance spermatogenesis and fertility. This case suggests that aromatase inhibition could be an effective treatment for infertility in the setting of obesity-related hypogonadotropic hypogonadism. Data concerning the safety and efficacy of long-term use of aromatase inhibitors for the treatment of hypogonadism is, however, currently lacking and placebo-controlled trials are needed; therefore, even if semen parameters improve with aromatase inhibitor therapy, once fertility is achieved we recommend conventional testosterone therapy with close follow-up for long-term treatment of hypogonadism.
